Inhibition of lipopolysaccharide-induced nitric oxide synthesis by nicotine through S6K1-p42/44 MAPK pathway and STAT3 (Ser 727) phosphorylation in Raw 264.7 cells.
Lipopolysaccharide (LPS) has been known to produce inflammatory modulators such as tumor necrosis factor alpha (TNF-alpha) or nitric oxide (NO). In this study, we examined the effects of nicotine on LPS enhanced NO synthesis and inducible nitric oxide synthase (iNOS) expression in macrophages. LPS-induced NO synthesis and iNOS expression were significantly decreased by nicotine. To investigate the signaling mechanism of nicotine induced suppression of NO synthesis and iNOS expression induced by LPS, we focused on the possible roles of p42/44 MAPK, S6K1, and signal transducers and activators of transcription 3 (STAT3) signaling. LPS is known to activate p42/44 MAPK and S6K1, which in turn activates STAT3 to induce inflammatory regulators. Pretreatment of cells with nicotine blocked LPS-induced p42/44 MAPK and S6K1 as well as iNOS promoter activity. Furthermore, we found that LPS-induced phosphorylation of STAT3 at serine 727 is mediated by S6K1-p42/44 MAPK pathway, and this STAT3 phosphorylation was also blocked by nicotine. We also found that downregulation of STAT3 using STAT3 siRNA resulted in suppression of the NO synthesis and iNOS expression. Taken together, our results suggest that nicotine inhibits LPS-induced NO synthesis through suppression of S6K1-p42/44 MAPK pathway and phosphorylation of STAT3 in Raw 264.7 cells.